Determination of ILS category 2 decision height window requirements by Hoh, R. H. & Johnson, W. A.
N A S A C O N T R A C T O R  
R E P O R T  
" 
LOAN COPY: RETURN TO 
AFWL (DOUL) 
KIRYLAND AFB, N. M. 
DETERMINATION OF ILS CATEGORY I1 
DECISION HEIGHT WINDOW REQUIREMENTS 
by Walter A.  Johnson und Roger H.  Hoh 
Prepared by 
SYSTEMS TECHNOLOGY, INC. 
Hawthorne, Calif. 90250 
for Ames Research Center 
" , 
NATIONAL  ERONAUTICS  AND  PACE  ADMINISTRATION W A S H I N G T O N ,   D .  C. MAY 1972 
https://ntrs.nasa.gov/search.jsp?R=19720015001 2020-03-23T10:26:42+00:00Z
TECH LIBRARY KAFB, NM 
1. Report No. 
NASA CR-2024 I 2. Government Accession No. 
4. Title and Subtitle 
"Determination of ILS Category I1 Decision Height Window 
Requirements" 
7. Author(s1 
Walter A. Johnson a d  Roger H. Hoh 
9. Performing  Organization Name and Address 
Systems Technology, Inc. 
13766 South Hawthorne Boulevard 
Hawthorne, California 90250 
12. Sponsoring Agency Name and Address 
National Aeronautics & Space Administration 
Washington, D.C. 20546 
15. Supplementary  Notes 
3. Recipient's Catalog No. 
5. Report Date 
May 1972 
6. Performing Organization Code 
8. Performing Organization Report No. 
TR-182-4 
10. Work Unit No. 
11. Contract or Grant No. 
NAS 2-4892 
13. Type of Report and Period Covered 
Contractor  Rewrt 
14. Sponsoring Agency Code 
16. Abstract 
The current  definit ion of a successful ILS Category I1 approach is given i n  FAA Advisory 
Circular No. 120-20 in terms of maximum allowable airhlane dispersions a t  the 100 f t  decision 
height. These maximum dispersions are the same fo r  a l l  air car r ie r  a i rc raf t .  I t  is conceivable 
that the given decision height dispersion limits are inappropriate for some airplsne/cnntrol- 
systan canbinations. This report describes a method for determining the appropriate 
longitudinal and lateral decision height dispersion limits fo r  any airplane/control-system 
combination. An example is worked out to clarify the steps required. 
The resul ts  show that the current longitudinal decision height dispersion limits are  well 
suited for a DC-8 with the example control system, but that the  la te ra l  limits are too loose 
to  guarantee acceptable touchdowns with the example system subjected to the wind and shear 
disturbances recommended by the FAA i n  AC 120-20. 
7. Key Words  (Suggested by  Author(s)) 18. Distribution Statement 
Category 11, approach, decision height, E - 8 ,  
touchdown, autopilot, control, aircraft 
" ." " . . I . .  . . .. .. 
19. &u& Uassif. (of this report-  
3.00 67 UNCLASSIFIED UNCLASSIFIED 
22.  Price' 21. No. of Pages 20. Security Classif. (of this page) 
" ... ~ 
~ ~ .~ ~ ~~ ~ . . . ~~. , ~" ~ . .~. "I_I"_ 
For sale by  the  National  Technical  Information Service, Springfield.  Virginia 22151 
The research  reported  here was performed under Contract NAS2-4892 
between Systems Technology, Inc., Hawthorne, California,  and the National 
Aeronautics and Space Administration. The NASA Project Monitor was 
Thomas E. Wempe. The ST1 Technical Director was Duane T. McRuer, and 
the  Project  Engineer. was  Walter A. Johnson. 
The current  definit ion  of a successful ILSr Category I1 approach i s  
given i n  FAA Advisory.Circular No. 120-23 i n  terms of m a x i m u .  alluwable..- 
airplane dispersions a t  the 100 ft decision height. These meximum dis- 
persions are the same f o r  a l l  air c a r r i e r - a i r c r a f t .  I t , i s  conceivable 
t h a t  the given decision height dispersion limits Fare inappropriate   for  
some airplane/control-system cambinations . This report describes a 
method for determining the appropriate longitudinal and l a t e ra l   dec i s ion  
height dispersion limits f o r  any airplane/control-system combination. 
An example i s  worked o u t   t o   c l a r i f y  the steps required. 
The basic technique used i s  to   de f ine   t he  limits of acceptable touch- 
d m  condi t ions for  the airplane of  interest ,  and then t o  determine the 
decision height conditions that correspond t o  t h e  touchdown limits. The 
only disturbance inputs considered are steady winds and wind shears. 
The r e s u l t s  show that the current longitudinal decision height dis- 
persion limits are   wel l   su i ted   for  a E-8 w i t h  the  example control system, 
but that the lateral limits are too loose t o  guarantee acceptable touch- 
downs with the example system subjected t o   t h e  wind and shear disturbances 
recommended by the FAA i n  AC 123-x). 
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SECTION I 
INTRODUCTION 
The current FAA definit ion of a successful ILS Category I1 approach 
i s  given i n  R e f .  1 i n  terms of maximum acceptable airplane dispersions 
a t  an a l t i t ude  o f  100 ft above the  runway. In essence, the FAA. has 
defined a "window" that  an airplane must be within at the 100 f% decision 
height. However, t h i s  window i s  the same f o r  a l l  air car r ie r  a i rp lanes  
and control systems. Presumably the FAA had i n  mind a t y p i c a l  j e t  t r a n s -  
port  when it devised the window. However, it i s  easy t o  imagine an air- 
plane plus controller for which the given window i s  too   r e s t r i c t ive ,  
as well  as an airplane plus  control ler  for  which it i s  too conservative. 
The idea  that  a s ingle  window  may be appropriate for a l l  airplanes 
and control systems was the motivation behind the study that this report  
summarizes. The primary purpose of the study was t o  determine 
log ica l ly   to   se t   the   dec is ion   he ight  window boundaries for any given 
airplane plus control system. 
In   t h i s   r epor t  a technique i s  presented that w i l l  l e a d   t o  a log ica l  
determination of the variables pertinent to a decision height window, 
as well  as a s e t  of acceptable limits for these variables.  Briefly,  
the technique and consequences of i t s  application can be summarized as 
follows. 
a 
e 
a 
e 
An airplane and control system ( f o r  which a 
Category 11 window i s  desired) are selected.  
A "successful" touchdown is  defined for the 
se lec ted   a i rp lane   in  terms of the maximum 
acceptable dispersions of a l l  per t inent  
var iables  a t  touchdown. 
The disturbance environment i s  defined from 
the  dec is ion  he ight  to  the  ground. 
The pertinent decision height variables are 
determined, as well  as the i r  l imi t ing  va lues  
t h a t  s t i l l  result in an acceptable touchdown 
in the presence of the disturbance environment. 
1 
These pertinent variables consti tute the decision 
height window dimensions, while the limiting values 
give the m a x i m u m  s ize  of the window. 
If the  window i s  trimmed t o  make it "rectangular, '' 
then a tradeoff can be made  among the per t inent  
window l i m i t s   t o  minimize the  number of missed 
approaches.  (This i s  based on the  computed d is -  
persions of the  per t inent  var iab les  a t  the  dec is ion  
height .  ) 
An overa l l  system improvement can be achieved by 
def ining s ta te  var iables  a t  the decis ion height  
such t h a t  when values of all the  s ta te  var iab les  
a re  less than some precomputed values, then a sue- 
cessful  touchdown w i l l  r e su l t ,  and a value greater 
than the computed value for any (or a l l )  of the 
s ta te  var iab les  w i l l  l e a d   t o  an unsafe touchdown. 
(These s ta te  var iab les  may include known wind and/ 
or other environmental conditions. ) 
The s ta te  var iab le  def in i t ions  could  be mechanized 
e l ec t ron ica l ly   t o   g ive  an approach monitor which 
indicates  when t o  execute a missed approach and 
when t o  continue the approach t o  touchdown. Such 
a device would serve the dual function of providing 
an approach monitor as well as a missed approach 
decision computer. 
The technique i s  presented and described by carrying out example 
ca lcu la t ions  for  a D C - 8  airplane with an automatic f l a r e  and decrab con- 
t r o l  system.* The l i m i t s  of  acceptable touchdown conditions were obtained 
from Ref. 2 and  an informal industry consensus (e.g., Refs. 3, 4, 5 ,  and 6 ) .  
The disturbance inputs from the decis ion height  (100 P t )  down t o   t h e  ground 
were also taken from R e f .  2. These include steady head-, tai l- ,  and cross- 
winds, as well a s  wind shears. Random gusts from the decision height down 
t o  t h e  ground were not directly considered for two reasons.  First ,  the 
current ly  avai lable  analyt ical  gust  models are not appropriate near the 
ground. And, second, the high frequency part of the random gusts from 
100 f't down t o   t h e  ground are not of i n t e r e s t  anyway, because they do not 
"Although the technique i s  equal ly  appl icable  to  a manually controlled 
airplane,  it i s  simpler t o  p re sen t  an  example involving only automatic 
components. 
s igni f icant ly  a f fec t  the  pa th  of  the  a i rp lane ;  on ly  the  lower frequency 
gusts are s igni f icant .  But, for  the  t ime in te rva ls  of  in te res t ,  the  
lower frequency gusts can be represented as steady winds and wind shears. 
The net result i s  t h a t  we can r e e a t h e  random gust disturbances below 
100 f't with equivalent steady wind and shear inputs. The question of 
wind shear magnitude then arises. The magnitude of wind shear used i n  
t h i s  s t u d y  i s  tha t  spec i f i ed  in  Ref. 2; namely, 8 kt/lOO ft f'rom 100 ft 
down t o   t h e  ground. By s e l e c t i n g  t h i s  moderate shear input we have 
ignored the occasional much larger shears that can occur during the 
last  f e w  seconds p r i o r  t o  touchdown. Reference 7 points  out  that  these 
larger  shears  of ten have s igni f icant  consequences. For example, R e f .  7 
shows a s t rong correlat ion between hard landings and moderate wind gusts 
( that  give large effect ive wind shea r s )  j u s t  p r io r  t o  touchdown. But, 
i n   s p i t e  of having neglected this  s ignif icant  dis turbance input ,  the 
inclusion of such shears in our simulation would not change the  r e su l t i ng  
Category I1 windows t h a t  were obtained, because there would s t i l l  be no 
cor re la t ion  between decision height conditions and hard landings. Only 
i f  we were t ry ing  to  es t imate  touchdown d is t r ibu t ions  or accident rates 
would these large effect ive shears  be required. 
The determination of the decision height conditions that give the 
l imi t ing  touchdown conditions was accomplished with the aid of a six- 
degree-of-freedom analog computer simulation of t h e  f i n a l  p a r t  of t he  
approach. It was or iginal ly  ant ic ipated that  a completely analytical tech- 
nique would be used. But  due to  nonl inear i t ies  in  both  the  longi tudina l  
and l a t e r a l  s i t u a t i o n s  t h i s  was not feasible.  It was necessary t o  c m p u t e  
forward fran the  in i t i a l  s t a t e  ( a t  t he  dec i s ion  he igh t )  down t o  touchdown, 
where t h e  s t a t e  of t he  system was recorded. The computational procedure 
consisted of generating parametric plots of the  touchdown variables  versus  
the  in i t i a l  s t a t e  va r i ab le s  fo r  t he  seve ra l  wind conditions. A window  was 
then constructed from predictions of the touchdown state  based on expres- 
sions generated fran curve f i t s  of the empirical data. 
A s  would be expected, the simulation showed tha t  var iab les  wi th  mid- 
t o  high frequency characteristics have l i t t l e  or no cor re la t ion  between 
the decision height and touchdown, and therefore  need not be considered 
3 
i n  the de f in i t i on  of an approach window. By perturbing each of the i n i t i a l  
s ta te  var iables  a t  the decis ion height  and not ing the effect  on touchdown, 
it was determined that for any given wind condi t ion the touchdown loca t ion  
i s  adequately defined as follows: 
where dlOO i s  glide slope deviation, uloo i s  speed deviation from trim, 
yloo i s  la te ra l  devia t ion ,  and Llo0 i s  a f i l t e red  va lue  of instantaneous 
sink r a t e .  (The f i l t e r  i s  necessary t o  remove the  component of s ink  ra te  
due t o  high frequency vertical  gusts.  These high frequency 6 excursions 
at  the decis ion height  have negl ig ib le  e f fec t  on touchdown dispers ions.)  
- 
Measures of the airplane dispers ions at  the decis ion height  were 
obtained using the low l e v e l  approach model descr ibed in  Ref. 8. 
The above paragraphs describe briefly what was done, why it was done, 
and how it was accomplished. The remainder of t h i s  r epor t  wril describe 
these i tems in somewhat more d e t a i l  and w i l l  support the following con- 
clusion: The current  FAA ILS Category I1 decision height window appears 
t o  be inadequate for the example airplane plus  control  system, and there- 
fore  it i s  recommended t h a t  immediate act ion be taken t o  improve the 
current decision height si tuation. In particular,  the following should 
be considered: 
0 The Category I1 decision height window should be 
modified t o  f i t  the  performance capabi l i t i es  of the  
airplane-plus-control-system using it. 
0 A continuously updated prediction of the  touchdown 
point (based on cur ren t  s i tua t ion  and a system model) 
should be displayed for monitoring purposes. 
0 A missed-approach  computer  (based on predicted  touch- 
down conditions) should be provided t o  give a go/no-go 
dec is ion  a t  the  dec is ion  he ight .  
4 
Section I1 contains a description of the example system used i n   t h e  
calculations.  Section I11 then follows with the determination of accept- 
able airplane dispersions a t  the decision height.  Section IV contains 
some per t inent   resu l t s  from a study of Category I1 approach success 
probabi l i t i es  which can be used t o  optimize the window tradeoffs  at the 
decision height. And f inal ly ,  Sect ion V contains a b r i e f  s m r y  and 
conclusions. The def in i t ion  of  a successful touchdown has been included 
i n  an appendix. 
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SECTION I1 
DESCRIPTION OF EXAMPLE SYSTE51 
The overall system chosen for example calculations consists of a 
DC-8 a i rc raf t  wi th  a fully automatic landing system designed t o  perform 
the  following  functions : 
0 Localizer  t acking 
0 Glide  slope  tracking 
Sink  rate  hold  (between 100 ft and f l a r e  
i n i t i a t i o n )  
0 A u t m a t i c   f l a r e  
0 Automatic  decrab 
The example system i s  summarized in the following paragraphs. 
A. LONGITUDINAL SYSTEM 
1 .  Glide Slope Tracking 
The func t ions  to  be  performed and the feedbacks used t o   s a t i s f y   t h e  
functional requirements during glide slope tracking are summarized i n  
Table 1 .  The associated  block  diagram is given in Fig. 1 .  
TABLE 1 
SlI".ARY OF LONGITUDINAL FEEDBACKS USED DURDJG GLIDE SLOPE TRACKING 
I SYSTESI REQUIREMENTS FEEDBACKS 
Short-period att i tude 
s t i f f n e s s  
Pi tch at t i tude,  'a, with 
washout t o  provide mid- 
frequency windproofing 
~ ~~ 
Short-period damping 
Beam deviation, d Path acquisit ion and 
Pi tch  a t t i tude  ra te ,  6 
s t i f f n e s s  
Path damping Alt i tude rate ,  h 
Low frequency windproofing Beam deviat ion integrat ion,  
and path angle trimming /d d t  
b 
Initial Value 
on Integrator 
is ho=  Uoyo 
K a  I 
K/, s 
Deviotion + h,60ft 
Beam 
Integrator 
Glideslope - 
and Fi l ter hclooft - 
Receiver 
KF, 
"---\ 
-LC 
h c 6 0 f l  
h 
L 
++ 
h < 6 0 f t  
Actuator 
Dynornics 
Vehicle 
lynamic 
d 
1 c 
t n 
. 
h 
KZ =-.000768 - 
Kd 5 -.00867 rod 
rad 
f t /sec 
KO = -  2 .o Kh, = -.014 rod 
f  t /sec 
f t  f o  I = .7sec' K, :-.00307 rod f t  
KF, -".0256 - rad 
ft/sec 
K, = ,152 sec" K, = -.00069 rad f  t/sec 
K Q  = -2.0 sec f t  hTDc"2.0 
Figure 1. Summary Block Diagram of Longitudinal  System 
2. Glide Slope Extension 
A t  100 f t  above runway elevation the glide slope extension phase i s  
i n i t i a t e d .  I n  t h i s  phase the glide slope signal i s  removed and  a con- 
s t an t  s ink  r a t e  i s  commanded.  The value of th i s  s ink  ra te  i s  the  output  
of the  beam deviat ion integrator  (see Fig.  1 ) a t  100 f t ,  and as such 
represents the average sink rate over the last minute or so of f l i g h t  
pr ior  to  reaching  100 f t .  The logic used in switching modes i s  i l l u s -  
t r a t e d  i n  t h e  system block diagram shown in Fig.  1 .  
3 .  Flare Mode 
A constant sink rate i s  commanded from 100 f t  down t o  t h e  f l a r e  
in i t i a t ion  he igh t  (60 f t  ), where the f lare  equat ion (Eq. 1 ) i s  switched 
in to  the  loop  (as  i l lus t ra ted  in  F ig .  1 ) .  The f l a r e  i s  accomplished by 
using a s ink  ra te  command propor t iona l  to  a l t i tude .  Thus the ideal  (or 
commanded) f la re  pa th  i s  an exponential function of time. The required 
control  equation i s  : 
Because the  f l a r e  i s  i n i t i a t e d  a t  60 f t  and the desired sink r a t e  a t  
touchdown i s  2 f t /sec,  the constants  in  Eq. 1 are  
KF = 0.132 sec and i m c  = -2 f t / sec  -1 
The pa ra l l e l  i n t eg ra to r  (KI/s)  shown i n  t h e  f l a r e  system forward loop 
(Fig. 1 )  i s  used t o  improve the  p i tch  a t t i tude  response  to  the  f la re  
commands. I f  a s i n k  r a t e  e r r o r  i s  n o t  removed immediately, then the 
integrator causes more e l eva to r  t o  be used. This i s  pa r t i cu la r ly  impor- 
t a n t  a t  t h e  s t a r t  of f l a r e  where the airplane cannot pitch up rapidly 
enough to follow the desired path (because it requires a s tep  change i n  
p i t c h  a t t i t u d e  t o  go from a s t r a igh t  pa th  to  an exponential path). An 
alternative technique that could be used t o   a l l e v i a t e  th i s  problem i s  t o  
i n j e c t  an open-loop ramp or s t ep  a t t i t ude  command i n   t h e  forward loop. 
However, f o r  our purposes, the system with the parallel integrator was 
-
8 
f e l t   t o  be suf f ic ien t ;  and it has the addi t ional  capabi l i ty  to  regulate  
against external disturbances (giving closed-loop control). 
A low gain airspeed-to-pitch-attitude feedback was included t o   i n s u r e  
a safe  f lare  in  the event  of a rapid airspeed bleedoff near touchdown, 
such as might occur in the presence of a la rge  wind shear. 
The th ro t t l e s  a re  r e t a rded  l i nea r ly  fram approach thrust t o   f l i g h t  
i d l e  (a  19 percent thrust decrease)  s ta r t ing  a t  50 f t  above the  runway. 
A t h r o t t l e  r e t a r d  r a t e  of 4 percent/sec was used. The engine character- 
i s t i c s  were modeled as follows: 
T 1 
A system survey of t h e  f l a r e  system i s  given in  Fig.  2 where i t  i s  
seen that a forward loop gain (KhF) of 4 .014  r ad / f t / s ec  g ives  c lose  to  
the maximum available phase margin. A n  additional consideration in picking 
th i s  ga in  was tha t  t he  system error signal (h,) should nominally be zero 
a t  touchdown. (Note tha t  th i s  impl ies  tha t  h, = -2 f t / sec .  ) By varying 
KhF and KI one i s  able t o  "tune the system" so tha t  the  -2 ft /sec objective 
may be accomplished. A time history of the motion from 100 f t   t o  touchdown 
i s  given in Fig.  3 f o r  a no-wind s i tuat ion,  and a l so  fo r  an 8 kt/100 f t  
tailwind shear si tuation. Note tha t  t he  system achieves a touchdown sink 
r a t e  qu i t e  c lose  to  the  nominal -2 f t / sec ,  even in the presence of wind 
shew.  
B. LATERAL SYSTW 
1 .  Localizer  Tracking 
A summary of  the local izer  t racking system requirements and the corre- 
sponding feedbacks used to  sat isfy these requirements  i s  given in Table 2, 
below. A block diagram of the complete l a t e r a l  system i s  given in  F ig .  4. 
It i s  pointed out tha t  t he  bank angle command l imi t e r  (u sed  to  keep the 
bank angle  less  than 5 deg near touchdown) i s  only engaged when the alti- 
tude goes below 100 ft. However, the  swi tch  for  th i s  l imi te r  was omitted 
from the diagram t o  make a l i t t l e   l e s s   c l u t t e r .  
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TABLE 2 
SUMMARY OF LATERAL FEEDBACKS  USED DURING LOCALIZER TRACKING 
SYSTEM RFQUIREMENTS 
Dutch roll damping and 
s t i f fen ing  
Bank angle regulation 
Path acquisit ion and 
s t i f f n e s s  
Path damping 
FEEDBACKS 
Lateral  acceleration $ 
with lead-lag network 
Bank angle, cp, with lead-lag 
network 
Beam deviation, y 
- 
Beam r a t e ,  $, and washed out 
heading, JI (washout i s  for  
low frequency windproofing) 
The loca l izer  t racking  system was designed t o  have undershoot charac- 
t e r i s t i c s  i n  t h e  mid-frequency region. This was done f o r  two reasons: 
( 1 )  t o  reduce the tendency for large overshoots in the presence of a 
crosswind, and ( 2 )  t o  be i n  keeping with normal piloting technique, which 
i s  t o  "blend" with the beam. A time history sharing the response of the  
system t o  a 100 f t  l a t e r a l  o f f s e t  i s  given in  F ig .  5 .  It i s  noted that 
the system i s  nonlinear because the cp command s ignal  ( cpc) i s  saturated 
during the early portion of the response. A system survey of t he  loca l i ze r  
tracking system above 100 f t  (when it i s  a linear system) i s  given i n  
Fig. 6. 
2. Decrab Maneuver 
The decrab system i s  e s s e n t i m y  a heading-to-rudder feedback loop which 
i s  closed a t  the decrab al t i tude ( 1 0  f t ) .  The loca l izer  s igna l  i s  removed 
f'ran the system, but the bank angle feedback i s  l e f t   i n   t o  keep the wings 
level  during the maneuver. The decrab system block diagram was  hown as 
par t  of the  canple te  la te ra l  system block diagram i n  Fig. 4. A lag-lead, 
lead-lag network was required to  obtain the desired performance fran the 
system, as summarized below. 
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1 PROBLEM SOLUTION -. ~___ 
System overshoots due t o  
with  lead  a t  low damping 
Lead-lag netwozi 
Poor mid- t o  low frequency  Lag-lead  with 
response-standoff i n  l a g  at 1 / T G *  
time response (due t o  long 
f l a t   r e g i o n  on Bode p l o t )  
and lead at 0.4 
COMPENSATION 
s + 3  1 s + 0.86 
( s  + 0.4) 
(S + 0.16) I 
I 
been closed 
A survey of the decrab system i s  shown i n  Fig. 7. Note t h a t  f o r  all 
practical  purposes the poles have been driven close to the zeros,  with 
the exception of the dutch roll roots which make up the dominant mode of 
the system. The resultant closed-loop dynamics  have the  charac te r i s t ics  
of a well-damped second-order system (t; = 0.51) with a natural frequency 
of 2.4 rad/sec. The system response during decrab for an approach with 
a 15 k t  crosswind i s  i l l u s t r a t e d  i n  F i g .  8. Note tha t  t he  heading response 
($) has the good characterist ics discussed above, even though the rudder 
i s  sa tu ra t ed  in  r a t e  (33 deg/sec) and posit ion (13 deg) during the early 
par t  of the response. The in i t i a l  r eve r sa l  i n  s ide  ve loc i ty  ($) i s  due 
t o  t h e  rudder sideforce characterist ics (Ys ).  This effect delays the 
i n i t i a t i o n  of l a t e r a l  drift by 2 sec and therefore tends to reduce the 
l a t e ra l  d i spe r s ions  a t  touchdown. The nominal  decrab  time i s  3 sec.  (It 
should be noted tha t  the  decrab  a l t i tude  was increased t o  20 f t  in  F ig .  8 
only for the purpose of i l lus t ra t ing  the  t rans ien t  response  of the decrab 
system. ) 
r 
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Figure 7. Decrab System 
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SECTIOIQ III 
DETERMINATION OF ACCEPTABLE DISPERSIONS AT THE DECISION HEIGHT 
A six-degree-of-freedom analog computer simulation was used t o  determine 
the decis ion height  dispers ions that  result in  the  l imi t ing  acceptab le  
touchdown conditions. The f i r s t  s t e p  i n  t h i s  a n a l y s i s  was t o  determine 
the  g ross  sens i t i v i ty  of touchdown conditions t o   v a r i a t i o n s   i n  each of the 
a i rp lane  var iab les  a t  the  dec is ion  he ight .  The r e s u l t s  of t h i s  gross sen- 
s i t i v i t y  i n v e s t i g a t i o n  showed that  only a f e w  va r i ab le s  a t  t he  dec i s ion  
height have a s ign i f icant  e f fec t  on  touchdown conditions. These are:  
dlO0, ulo0, hlOO, y1 oo, and i1 oo, where the subscr ipt  100 r e f e r s   t o   t h e  
decision height,  and 
d i s  deviat ion from the gl ide s lope beam 
u i s  the  per turba t ion  from tr im airspeed 
y i s  l a t e r a l   d e v i a t i o n  from the   l oca l i ze r  beam * 
$ i s  l a t e r a l   d e v i a t i o n   r a t e  
h i s  a f i l t e red  va lue  of  ins tan taneous  s ink  ra te  ( the  f i l t e r  
i s  necessary t o  remove the high frequency component of 
s ink  r a t e  caused by high frequency gusts; these high fre- 
quency s ink  ra te  per turba t ions  a t  the  dec is ion  he ight  
have negl ig ib le  e f fec t  on touchdown dispersions, but may 
s igni f icant ly  a f fec t  the  ins tan taneous  s ink  ra te ) .  
A s  might be expected, it was found that variables with predominantly mid- 
t o  high frequency characteristics have l i t t l e  or no cor re la t ion  between 
the decision height and touchdown*, and therefore  need not be considered 
in  the  de f in i t i on  of an approach window. This greatly simplifies the 
search for  the s ignif icant  decis ion height  var iables .  
It was a l so  found t h a t  f o r  a l l  reasonable values of i n i t i a l  cond i t ions  
a t  the  dec is ion  he ight ,  and wind and shear inputs from the decision height 
down t o  the  ground, only a few touchdown variables  came near their  respec- 
t ive l imiting acceptable values (see appendix for the l imiting acceptable 
values of a l l  touchdown var iab les ) .  These var iables   are:  Xm, ym, and 
Cm. All t h e  r e s t  of the var iables  were wel l  within their  respect ive 
ranges of acceptable values. 
*Data support ing this  result has not been included i n   t h i s   r e p o r t .  
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Having el iminated the insignif icant  var iables  ear ly  in  the invest iga-  
t ion ,  it s t i l l  remained t o  determine the quantitative relations between 
the decision height conditions and touchdown condi t ions for  the var iables  
t h a t  were found t o  be important. The remainder of th i s  sec t ion  i s  devoted 
t o  t h i s  m e a  of the investigation. It i s  divided into longitudinal and 
la te ra l  subsec t ions  for  ease  of presentation. 
A. LONGITUDIISAL CON3IDERATIOM 
For the longi tudinal  s i tuat ion it was found tha t  t he  sink r a t e   a t  
touchdown ( f o r  our example system) was in sens i t i ve  to  in i t i a l  cond i t ions  
a t  100 f t  a l t i tude .  In  fac t ,  the  only  longi tudina l  touchdown parameter 
that has an appreciable sensit ivity to conditions at  100 f t  i s  X m  (dis- 
tance down the runway measured from the threshold). Conveniently, the 
e f fec ts  on X m  due t o  var ious  in i t ia l  condi t ions  a t  100 ft, and wind 
inputs from 100 f t  t o  t h e  ground, turned out t o  be independent of one 
another, and essent ia l ly  l inear  (with the except ion of wind shear), over 
a reasonably laxge range of values for each variable. The resu l t ing  
expression for X m  i s  
f t  % f t  xm A 1620 f t  + 23 GW kt + 38 ah - 1.2 ah (“*)s (k t /100  f t )2  
f t  
f t  
+ 43 u100 kt + dl00 + 2’ 6100 ft7sec 
- f t  
where GW i s  equal t o  the  s t eady  wind f o r  t a i l  winds, and i s  equal 
t o  one-half of the steady wind f o r  headwinds up t o  40 kt* 
(tailwinds are +) 
&,/ah is  the longitudinal wind shear (increasing headwind as 
you descend i s  + and i s  cal led a headwind shear) 
u1o0 i s  the error  in  a i rspeed (from t r im)  a t  100 f t  a l t i t u d e  
(increased speed i s  +) 
*To be consistent with airl ine policy,  an increased airspeed was used 
i n  t h e  headwind case. The strategy used i s  t h a t  of United A i r  Lines, which 
calls for the  approach airspeed t o  be increased by an amount equal t o   t h e  
gust velocity plus one-half of the steady headwind component, with the 
t o t a l   n o t   t o  exceed 20 k t  (Ref. 9 ). 
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dlO0 i s  the  devia t ion  fran the gl ide s lope beam a t  100 f t  
altitude (above the  be& i s  +) 
5 
hl0o i s  t h e  low frequency error  in  trimmed v e r t i c a l  speed 
(from n m i n a l )  at 100 f t  a l t i tude (decreased s ink rate  
i s  +) 
A simple example shows the  importance of each of t he  f l i gh t  e r ro r s  
a t  100 f t  (and a l so  the  wind inputs)  on the longi tudinal  touchdown 
posit ion.  For t h i s  example, the  following  conditions  are assumed: 
Decreasing uw = -15 k t  (& = -7.5 k t )  
he adwind 
as   a i rplane  kt  
descends 100 f t  
S l igh t ly  slow 
and  "climbing" = 2 - = f t  120 - f t  sec m m  back fran 
These conditions can be considered somewhat " typica l , "  in  tha t  none of 
the  e r rors  ( o r  wind) i s  very laxge. When subs t i tu ted  in to  Eq. 3 these 
values give 
Xm A 1620 + 23(-7.5) + 3 8 ( 4 )  - 1 .2(-h)2 + 43(4) + 20(-9) + 21 (2) (4) 
?"-
-I 73  -171 -1 72 -1 80 +4 2 
Nominal Steady Wind Shear  Speed  Devi tion  Sink 
Wind Error from G/S Rate 
Be am Error 
The terms are labeled to indicate the source of each contribution. Adding 
up the various terms gives 
xm L 1620 - 654 
o r  
xm A 966 f t  
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Far t h i s  example it i s  seen that each of the sources contributes 
about 175 f t  of touchdown-point displacement, except for  the  s ink  ra te  
error ,  which has a much smaller e f f ec t  on the  touchdown locat ion.  It 
i s  a l s o  apparent from Eq. 4 that reasonably large wind shears can cause 
extremely large var ia t ions in  the touchdown loca t ion .  In  fac t ,  a wind 
shear of -15 kt/100 f t  (along with the same other numbers from the  above 
example) would l e a d   t o  a touchdown location only about 297 f t  from the  
threshold. The per turbat ion in  Xm due t o  such a shear (alone) w o u l d  be 
about 840 f t .  This i s  considerably larger than the individual effects 
due t o  any "reasonable" values of the other parameters in Eq. 4. 
Having determined the relation between decision height conditions (and 
winds) and touchdown location, it s t i l l  remains t o  determine the limiting 
conditions at  the decision height so t h a t  a decision height window can be 
specified.  This i s  done as  follows. 
The maximum allowable dispersion in touchdown posi t ion (X,) i s  given 
i n  Ref. 2 as 1500 f t  t o t a l  about a nominal point on a 2a basis with an 
absolute lower limit of 300 f t  and an absolute upper limit of 2550 f t  
for a Dc-8 (based on t h e  a b i l i t y  of the  p i lo t  to  see  the  requi red  four 
bars of the 3000 f t  touchdown  zone l i g h t s  a t  touchdown).  (See the  appen- 
dix for the precise requirement.)  The following limits were used i n  t h i s  
study because they place the nominal. touchdown point  ( for  the example a i r -  
plane) approximately in  the  cen te r  of the allowable 1500 f t  region. 
800 f t  L Xm i 2300 ft 
Subst i tut ing Eq. 3 i n t o  Eq. 6, and solving the resul t ing inequal i ty  for  
glide slope deviation, results in the following expression for the longi- 
tud ina l  window: 
where d l  = 34 f t  - l.15iiw - 1 .9 (hW/ah)  + 0.06(auw/bh) 2 
and d2 = dl - 75 f t  
In  o rde r  t o  ga in  a bet ter  insight  regarding character is t ics  of t he  
z 
window, consider the case where h,,, i s  zero, so t h a t  a two-dimensional 
window results. The boundaries of the resulting window are sketched in 
Fig. 9 for  the case of  zero wind. (When a  more canplete set of constraints 
i s  considered, a  more complete s e t  of decision height boundaries results, 
as  indicated in  Fig.  10. However, inclusion of these other  constraints  
will be d e f e r r e d  u n t i l  l a t e r . )  For situations involving head- and t a i l -  
winds and shears,  dl  and d2 take on different values than those shown i n  
Fig. 9. Thus the acceptable region (in Fig.  9) s h i f t s  up or down depending 
on the  wind conditions. Values of dl and d2 fo r  t he  wind conditions spe- 
c i f i e d  i n  R e f .  2 a r e   l i s t e d   i n  Table 3 t o  g i v e  an indication of the sensi-  
t i v i t y  of  the airplane-plus-control ler  to  wind. The most c r i t i c a l  of 
these wind conditions are seen to be the ta i lwind shear  s i tuat ion (which 
gives   the m a x i m u m  value of d2) and the headwind shear  steady  tailwind 
conditions (which both give about the same minimum value of d l ) .  The 
decision height boundaries corresponding t o   t h e s e   c r i t i c a l  wind s i tua t ions  
are  shown i n  Fig. 1 1 .  (It i s  recognized that the upper boundary corre- 
sponds t o  a d i f fe ren t  wind condition than the lower bmndaxy, but for a 
window defini t ion that  doesn’t  depend on the existing yind conditions 
during an approach it i s  necessary to  t ake  the  ove ra l l  worst cases as the 
determining factors.) A s  seen in  F ig .  1 1  the current Category I1 longi- 
tud ina l  approach window f i t s  very nicely into the l imits obtained f o r  the 
i n d i v i d u a l  c r i t i c a l  wind and shear cases. 
TABLE 3 
VALUES OF dl AND dg FOR SEVERAL W I N D  CONDITIONS 
I Zero 34 - 4 1  
I 25 k t  headwind I 48.4 I -26.6 I 
+8 kt/lOO f t  (headwind) shear 
53.0 -8 kt/100 f t  (tailwind) shear 
-32.4 22.6 
-22.0 j 
I 
Touchdown Beyond 
2300 f t Limit 
Touchdown Short 
of 800ft Limit 
- 
Figure 9. Longitudinal Decision Height Boundazies Based on FAA 2u 
L i m i t s  on Xm (with Zero Wind; and hlOO = 0)  
Glide Slope  Display 
Land a t  
800ft Limit 
Figure 10. Longitudinal  Decision  Height  Boundaries  Baeed  On A More 
Complete  Set of Constraints  (with  Zero  Wind;  and h = 0) 
, 26 
t 6o 
x" limit due to  10kt tailwind Touchdown a t   2 3 0 0 f t  I .  
limit  due  to 
-8- 100 f t  kt (Tai1wind)shear 
1 shear 
Figure 1 1 .  Longitudinal  Decision  Height  Boundaries Bazed On FAA 2a 
L i m i t s  on Xm (with Individual Cri t ical  Winds; and hlOO = 0 )  
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A t  this  point  the quest ion might be r a i s e d   a s   t o  whether the current 
window i s  too conservat ive ( in  that  a number of "safe" approaches would be 
outside the window and therefore aborted via missed approaches). The answer 
i s  a qualified yes.  Referring to Fig.  11  it is  seen that  the current  window 
comprises only a s m a l l  par t  of the acceptable region. Even  when other con- 
s t ra ints  (such as  those shown i n  F i g .  10) are considered, the current window 
i s  a lot  smaller than the acceptable region. Clearly it would be t o  every- 
one 's  benefi t  to  make better use of the acceptable region. But the problem 
i s  i n  being able t o  determine whether or not an airplane i s  within the 
acceptable region as it passes through the decision height. This i s  the  
reason for  the qual i f ied answer. During an approach t h a t  i s  outside the 
current window and yet  s t i l l  within some l a rge r  window, the determination 
of the  a i rp lane ' s  exac t  s ta te  i s  very  d i f f icu l t  for  a human p i l o t   t o  accom- 
p l i sh .  This i s  due i n  p a r t  t o  t h e  moving needles (of the displays) as well  
a s  t o  the  jo s t l i ng  cockp i t  environment t h a t  i s  undoubtedly present on an 
approach t h a t  i s  outs ide the current  window.  However, even wi thmt  a 
dynamic environment, t h e  p i l o t ' s  a b i l i t y  t o  r a p i d l y  compute the t radeoff  
between excess  a l t i tude and a def ic iency in  a i rspeed (for  example) i s  ques- 
t ionable .  On the other hand, it would be a r e l a t i v e l y  simple matter t o  
include a missed approach computer i n   t h e   a i r p l a n e   t o  perform the calcula- 
t ions  ind ica ted  in  Eqs .  3 and 7 (along with a few addi t ional  obvious con- 
s t r a i n t s )  and display a predicted value of Xm fo r  t he  ex i s t ing  wind condi- 
t ions,  as well  as a go/no-go decision for executing a missed approach. 
With such a device on board, better use could be made of the acceptable 
window condi t ions ,  resu l t ing  in  fewer missed approaches as well as fewer 
accidents. More discussion of t h i s  concept w i l l  be presented later.  
Before going on, a c lar i f icat ion concerning the or ientat ion of the 
decision height window should be brought out. The various figures depic- 
t ing the acceptable  region at  the decis ion height  have all had the d,OO 
axis pointing up.  This i s  convenient for visualization purposes because 
the d v a r i a b l e  i s  e s s e n t i a l l y  a vertical displacement quantity. However, 
t h i s  may l e a d   t o  a misconception of the actual geometric window i n  space 
t h a t  an airplane must pass through. Because a decision height window i s  
- at   the   decis ion  height ,  it i s  ac tua l ly  a horizontal  window, as  shown i n  
Fig. 12. Thus , even though an airplane may be above or below the center  
Airplane  that  is  above  glide-slope 
beam  center  is  closer  to  runway 
threshold when it reaches 
the  decision  height 
I 
Runway 
Figure 12. Relation Between Decision Height Window and Maximum 
Allowable Deviations Above and Below the Glide Slope Beam 
of the glide slope beam, the decision height remains the same ( 100 f t  
above the runway elevat ion for  ILS Category 11). This means t h a t  i f  an 
airplane i s  above (or below) the beam, then it must be c l o s e r  t o  (or 
f a r t h e r  from) the runway threshold when it reaches the decision height. 
In other words, what appears t o  be a ver t ica l  devia t ion  from some point 
on the beam should r e a l l y  be thought of as a horizontal  deviation from a 
different  point  on the  beam (a  po in t  t ha t  i s  a t  t he  same a l t i tude  as  the  
airplane) .  The re la t ion  between an "apparent" vertical  deviation from 
the beam and the more appropriate horizontal deviation i s  just  the tangent  
of beam angle.  (In Eq. 3 the  coefficient of dlOO i s  l / tan yB 20.) 
Getting back to  the  ea r l i e r  d i scuss ion ,  it i s  noted that all the  
figures depicting the window limits ( i n  terms of dlO0 and ulo0) have been 
&awn for A100 = 0. The e f f e c t  of a nonzero hlo0 is  t o  r a i s e  or lower 
the acceptable region by an amount equal t o  1 .O5liloo (see Eq. 7 ) .  However, 
because the expected vasiation of i l O o  i s  s m a l l  (of the order of 1 f t / s e c  
- - 
- 
- 
or l e s s )   t h e  m a x i m u m  expected variations in window s i ze  and Xm (due t o  
hloo)  are  a lso  s m a l l  (e.g., AXm i s  only 42 ft f o r  a 2 f t / sec  per turba t ion  
i n  hlo0).  For such s m a l l  va r i a t ions  in  the  touchdown loca t ion  it i s  rea- 
sonable t o  ignore,  for the t ime being, the effects of hlo0 i n  s e t t i n g  t h e  
acceptable window dimensions. A much  more s igni f icant  item t o  consider 
(when def ining the limits of an acceptable window) i s  the  poss ib i l i t y  of 
encountering a combination of the  wind inputs considered above. 
- 
5 
- 
By taking a combination of t he  25 k t  headwind and a -8 kt1100 f t  
(tailwind) shear (giving a decreasing headwind as an airplane descends), 
the values of dl and d2 become 67.4 f t  and -7.6 f t ,  respectively.  This 
r a i se s  the  lower decision height window boundary  by 14.4 f t .  If, i n  
addition, the combination of a 10 k t  ta i lwind  and an 8 kt1100 f t  headwind 
shear  ( i . e . ,  a decreasing tailwind as an airplane descends) i s  a l so  con- 
sidered, then the upper decision height boundary i s  lowered by 11.4 f t  
(because t h i s  combination gives dl  = 1 1 . 1  f t ,  and d2 = -63.9 f t ) .  By 
considering these additional wind input  s i tuat ions (which a re  the  most 
severe as well  as the most l i k e l y  combinations to  encoun te r ) ,  t he  c r i t i -  
cal decision height boundaries move c lose r  t oge the r  t o  become those shown 
i n  F i g .  13. Note that the current Category I1 window i s  no longer  ent i re ly  
within the acceptable region. 
If, however, f o r  these c r i t i c a l  combinations of wind inputs the touch- 
down limits are relaxed from the  2u values of 800 f't 5 Xm 5 2300 f t ,  t o  
the  "hard" l i m i t s  of 300 f t  5 X m  2550 f t ,  then the equations of dl  and 
dg become 
auW b W  2 d l  = 46.5 - 1 .  I5Gw - 1.9 + 0 . 0 6 ( ~ )  
and 
d2 = dl - 112.5 
which give (for these particular input combinations) 
d, = 79.9 f t  f o r  a 25 k t  headwind 
d2 = -32.6 f t  as you descend 
decreasing a t  8 kt/100 f t  
Touchdown a t   8 0 0 f t  limit 
due to encountering  a 25k t  
headwind decreasing at 
- 
SI0 15 20 25 U,,,(kts) 
Category II 
Decision Heiclht 
-40 Touchdown at 2 3 0 0 f t  limit 
due to encountering a lOkt 
-50 tailwind  decreasing a t  
kt 
-60 8- lOOf t 
Figure 13. Longitudinal Decision Height Boundaries Baszd On FAA 2a 
Limits on Xm (with Cri t ical  Wind Combinations; and h,OO = 0)  
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and 
dl = 23.6 ft f o r  a 10 k t   t a i lw ind  
decreasing  a t  8 kt/100 f t  (10) 
dg = -88.9 ft as  you  descend 
Taking t h e  c r i t i c a l  v a l u e s  of dl and d2 fran the  above equations results 
in the decision height boundaries moving apart ,  as  shown i n  Fig. 14. It 
i s  seen in  F ig .  14 that the current Category I1 decision height window 
l i e s  completely within the window limits corresponding t o   t h e  "hard" 
touchdown pos i t ion  limits. However, i n  order t o  j u s t i f y  u s i n g  t h e  "hard" 
l imi t s  ( ra ther  than  the  2a l i m i t s )  it i s  necessary t o  consider the proba- 
b i l i t i e s  of encountering the various steady winds  and wind sheass. But 
t h i s  i s  beyond t h e  scope of the present study. Therefore, the following 
reasoning seems appropriate.  Because the  most severe  combination of  wind 
i n p u t s  s t i l l  r e s u l t s  i n  a sa fe  touchdown ( longi tudinal ly) ,  it w i l l  be 
assumed tha t  t he  cu r ren t  Category I1 longi tudinal  window i s  acceptable 
for  our  example system (although maybe not optimum). 
Having considered some of the var ious factors  affect ing the longi-  
tud ina l  touchdown s i tua t ion ,  some conclusions can be drawn regarding an 
acceptable decision height window. If a human p i l o t  i s  the sole monitor 
and decision maker, then no "calculations" should be required of him t o  
determine whether or not the airplane i s  within the acceptable window 
at  the decis ion height .  This means there  must be a hard l i m i t  on each 
of the decis ion height  window variables (rather than allowing an excess 
i n  one v a r i a b l e  t o  compensate f o r  a deficiency in another).  This i s  the  
current  s i tuat ion,  and r e s u l t s  i n  a rectangular window as shown in Fig.  14 
( f o r  example). On the  o ther  hand, i f  an electronic monitor i s  avai lable  
t o  make the required calculations,  then the acceptable decision height 
window should take advantage of the entire acceptable region (o r  a t  l e a s t  
more of it than i s  used at present), thereby lowering the missed approach 
r a t e .  A s  an added benefit ,  the electronic monitor w i l l  a l so  be a f a s t e r  
and more accurate judge of the  a i rp lane ' s  s i tua t ion  a t  the  dec is ion  he ight .  
Based on t h e  r e s u l t s  shown in Figs.  1 1  and 14, one might conclude t h a t  
f o r  human pilot monitoring the current Category I1 longi tudinal  decis ion 
height window ( + I 2  f t  of glide slope deviation and 3 k t  of airspeed 
e r ro r )  i s  the appropriate longitudinal window for  the  example 
I 
Touchdown a t   3 0 0 f t  limit 
due to encountering a 25kt  
headwind decreasing at 
I Curren 
t kt 8- too f t 
Figure 14. Longitudinal  Decision  Height  Boundaries Based  on  "Hard" 
FAA L i m i t s  on X Tn of: 300 f t  5 Xm & S > O  f t  (With 
C r i t i c a l  Wlnd Combinations; and hIoo = 0 )  
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airplane-plus-controller used  in  this  study.  Conveniently,  the  current 
+I2 f t  window happens t o  coincide with a half-scale  (or one dot)  deviat ion 
on the  glide slope display, making it a simple matter t o  judge acceptable 
e r ro r s  from excessive errors. (It i s  no ted  tha t  to  increase  the  window 
s i ze  by adding an ex t ra  foot  or so to  the acceptable  gl ide s lope beam 
deviations would make the decis ion process  s ignif icant ly  more d i f f i c u l t  
because it would then  r equ i r e  the  p i lo t  t o  judge needle widths and frac- 
t ions  of dots  on the gl ide s lope display.)  However, such a conclusion 
w i l l  not be made a t  t h i s  time. Before any conclusion i s  drawn f o r  a human 
pi lot  monitor ,  the dis t r ibut ion of  the expected ini t ia l  condi t ions at  the 
decision height should be considered. In this way t radeoffs  among the  
window limits can be made in  order  to  achieve an optimum window ( i . e . ,  
one t h a t  r e s u l t s  i n  fewer overall missed approaches). Such considerations 
are presented in Section I V .  
If, however,  an electronic monitor i s  used, then the decision height 
window w o u l d  be t h a t  shown in Fig.  15, which i s  e s sen t i a l ly  a repeat of 
Fig. 1 1  with addi t iona l   cons t ra in ts  added. The addi t ional   constraints  
are  that  the gl ide s lope display must not exceed a fu l l - sca le  (or two 
dot) deviation, and the airspeed must not go  below 1.15 ustall. The 
glide slope deviation constraint  i s  used t o  enable  the pi lot  to  es t imate  
the airplane 's  deviat ion from the beam center (rather than the display 
j u s t  showing  him that  the needle  i s  pinned, and therefore  tha t  he i s  way 
off  the beam), and the  speed constraint  i s  used to  in su re  tha t  a margin 
of maneuver capabi l i ty  i s  always available (see appendix). 
B . LA= CONSIDERATIONS 
The technique used t o  generate a l a t e r a l  window at  the decis ion height  
i s  the  same as t h a t  used f o r  the  longi tudinal  window. F i r s t  it i s  deter- 
mined which l a t e r a l  v a r i a b l e s  have a s ign i f icant  cor re la t ion  between t h e i r  
decision height values and touchdown conditions. For the example system 
these turned out t o  be y l m  and $loo. Then, fo r  all reasonable values of 
i n i t i a l  c o n d i t i o n s  a t  the decision height and wind and shear inputs fran 
the decision height down t o  the ground, all t h e   l a t e r a l  touchdown var i -  
ab les  tha t  cane close to  their  respect ive l imit ing acceptable  values  are  
34 
I 
L a n d   a t   2 3 0 0 f t  limit 
due to lOkt tailwind 
or 8 - IOOft k t  (Headwind)' dl0o(ft) 
Full  Scale on 
Glide Slope Display 
-30 D - 1 5  -a -5 I 5 16\15 20 25 30 u A k t s )  
I 
Full Scale on 
Glide Slope Display t -4u Land  at 800ft limit due to t -50 -8 - IOOft kt (Tailwind) 
1 -60 shear 
Figure 15. Longitudinal Decision Height Boundaries  For System With 
An Electronic Monitor -Based On FAA 20 LLmits on Xm 
(With Individual  Cri t ical  Winds; and hlOO = 0)  
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determined. For the  example  system these are ym and Cm. The wind 
inputs considered axe those l isted in Ref. 2. 
0 Steady  crosswind of 15 k t  
Crosswind  shear of 8 kt/100 f't 
It tu rns  ou t  t ha t  t he  l a t e ra l  touchdown posi t ion also depends on the 
longi tudinal  f lare  t ime.  This  dependence i s  accounted for by considering 
the minjmum, nominal, and maximum f l a r e  times (8.7, 12.3, and 14.9 sec) 
obtained in the longitudinal analyses,  and then using the most c r i t i c a l  
one f o r  each  constraint.  Plots of ylo0 and versus  ym and ?m (four 
p l o t s )  were obtained for zero wind, steady crosswind, and crosswind shear 
s i tuat ions.  Each plot  consis ted of a family of three curves representing 
the vaxiat ion in  longi tudinal  f lare  t ime.  
For the  zero wind case the short  f lare t ime (8.7 sec)  was the most 
c r i t i c a l ,  i n  t h a t  it gave the  la rges t  touchdown d i spe r s ions  fo r  i n i t i a l  
conditions of yloo and +,,. Empirical equations for the touchdown s t a t e  
( i n  terms of i n i t i a l  cond i t ions )  were obtained from curve - f i t s  t o  t he  
analog  computer t races .  The results are given as follows: 
Substi tuting the appropriate limits from the appendix ( lyml < 27 f t ,  and 
l$ml < 8 f t / s e c )  i n t o  Eqs. 1 1  and 12 gives  the inequal i t ies  which define 
t h e   l a t e r a l  window for the zero wind condition. 
- 8 1  - 1 3 . 8 + , ~ ~  < y lo0  < 81 - (13) 
The la te ra l  dec is ion  he ight  window represented by these inequal i t ies  is  
shown i n  Fig. 1 6. 
It i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h i s  no-wind window i s  essent ia l ly  the 
same as the current Category I1 window, i f  a pa r t i cu la r  i n t e rp re t a t ion  of 
Figure 16. Lateral Decision Height Window For Zero Wind 
t he  FAA‘s verbal description of the current window i s  used. Reference 1 
s t a t e s  a s  pa r t  of t he  de f in i t i on  of a successful approach: “The airplane 
i s  posit ioned so that  the cockpi t  is  within, and tracking so a s   t o  remain 
within, the la teral  confines of the runway extended.’’  For the  a i rp lane  
t o  be within the confines of t he  runway extended means a k75 f t  maximum 
loca l izer  devia t ion  ( for  a standard 150 f t  wide runway). To be t racking 
so as t o  remain within the lateral  confines of the runway can be in t e r -  
p r e t e d   t o  mean t h a t   t h e  combination of current lateral deviation and 
l a t e ra l  dev ia t ion  r a t e  ( a t  t he  dec i s ion  he igh t )  results i n  a projected 
touchdown poin t  tha t  i s  s t i l l  on the  runway. Figure 17 shows  a graphic 
example of t h i s  concept, while the following equations express these con- 
s t ra ints  mathematical ly  ( for  the nominal f la re  t ime) .  
Figure 18 i s  a repeat of Fig. 16 with the current decision height window 
(expressed via Eqs. 15 and 16) superimposed f o r  comparison. 
Because the steady crosswind situation gave s ignif icant ly  smaller  
touchdown dispersions than the crosswind shear si tuation, only the shear 
s i tua t ion  was considered i n   t h e  window calculat ions.  
The crosswind shear  input  resul ted in  the largest  la teral  touchdown 
posit ion errors being associated with the  long  f la re  time, and the  l a rges t  
touchdown drift  rates with the short  f lare t ime. Expressions giving the 
per t inent  touchdown va r i ab le s  fo r  t hese  c r i t i ca l  s i t ua t ions  a re :  
Subst i tut ing the ym and Cm limits in to  these  equat ions  resu l t s  in  the  
following inequalit ies which def ine the window fo r  t he  +8 kt/100 f t  wind- 
shear input. 
Range of 
acceptable 
velocity  vectors 
for the lateral 
deviation shown 
I 1168ft 
I 
Figure 17. Example of A Lateral Deviation and The Associated 
Deviation Rates ( A t  Decision Height) That Result In A 
Projected Touchdown Point Within The  Runway Confines 
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Figure 18. Lateral Decision Height Window For Zero Wind,  With Current Window Constraints Superimposed 
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-12.9 - o.021y100 < < 1.3 - 0.021y1()() (19) 
-50 < YlO0 < 110 (20) 
The resu l t ing  window i s  shown in  F ig .  19. However, because the wind shear 
may  come from ei ther  d i rec t ion ,  it i s  necessary to  def ine the acceptable  
decision height region as that bounded by the closest boundaries sham i n  
Fig. 19, and t h e i r  a x i a l l y  symmetric  images. The result ing region i s  
shown i n  Fig. 20. 
It is  c lear  from Fig. 20 tha t  the  +27 f t  touchdown limits r e s u l t  i n  
an extremely s m a l l  decision height window;  one t h a t  i s  t o o  r e s t r i c t i v e  
except in the presence of a  large wind shear. However, because t h i s  m a g -  
nitude of l a t e r a l  wind shear does not occur very often, it seems reasonable 
t o  r e l a x  t h e  rl27 f t  l i m i t  on y m  f o r  such a shear condition. This seems 
especially appropriate because the 2'7 f't limit i s  a 2a value and not a 
hard limit. A s  was the case with the longitudinal situation, the proba- 
b i l i t y  of occurrence of crosswind shears would have t o  be known t o  perform 
a precise analysis.  However, i n  t h e  absence of such data, the course 
taken here i s  t o  expand the acceptable  la teral  touchdown limits for  the  
crosswind shear situation to d+3 f t .  This number i s  arrived at  as follows. 
The hard limit f o r  an acceptable  la teral  touchdown dispersion i s  given 
i n  Ref. 2 (and the appendix) as when the outboard landing gear i s  no 
closer than 5 f t  from t h e  l a t e r a l  limits of a 150 f t  wide runway. For a 
DC-8 t h i s  corresponds t o  I yml < 58 ft . By providing an addi t ional  15 ft 
cushion (admittedly somewhat arbitrary),  a 20 ft margin is  obtained 
between the outboard landing gear and the runway edge for the large cross- 
wind shear  s i tuat ion.  
A s  seen in  Fig.  21, the decision height window f o r  lyml < 43 f t  i s  
considerably larger than the window defined for  (ymI < 27 f t .  However, 
an additional constraint  on the allowable touchdown conditions i s  now 
appropriate. If $m = 8 f t / s e c  when ym = 27 f t ,  then the time t o  reach 
the runway edge i s  4.3  sec [= (63- ~ ) / 8 ]  i f no control i s  used. Main- 
ta ining the same 4.5 sec margin f o r  touchdowns beyond 27 ft from the cen- 
te r l ine  g ives  an addi t ional  constraint .  Thus, for the case of running 
i 
! 
! 
i 
\ 
t4  
I 
\YTD\ = 27ft 
43 
5 -* ""- r. 
44 
off  the  r igh t  side of t h e  runway with an increasing crosswind from the  
l e f t ,  the following constraint i s  appropriate: 
63 - > 4.3 
hl 
Substituting the expressions for ym and +m (g iven  in  Eqs. 17 and 18) 
i n t o  Eq. 21 l e a d s  t o  
Adding th i s  cons t r a in t  and i t s  ax ia l ly  symmetric counterpart (corresponding 
t o  running  of f  the  le f t  s ide  of t he  runway with a crosswind shear from 
the  r igh t )  resu l t s  in  the  acceptab le  dec is ion  he ight  reg ion  shown i n  
Fig. 22. 
The hexagonal region shown i n  Fig. 22 would be an appropriate window 
i f  there  were always a wind shear of 8 kt/100 f t .  However,  on  most occa- 
s ions there  w i l l  be no such shear condition. This i s  brought  up  because 
the acceptable decision height region for the wind shear case i s  not 
totally within the acceptable region for the zero-wind case. This comes 
about because the  e27 f t  l i m i t  on ym was relaxed t o  +43 f t  f o r  t h e  s h e a r  
case,  but  remains  f27 f t  f o r  t h e  zero-wind case. A s  a consequence, the  
acceptable region a t  the  dec is ion  he ight  (which i s  t he  r eg ion  common t o  
both the shear and zero-wind r e g i o n s )  i s  not just  the acceptable region 
for the shear condition, but i s  t h a t  shown i n  Fig. 23. 
The acceptable decision height region in Fig.  23 would be an appro- 
p r i a t e  window  when using an electronic decision height computer. However, 
f o r  a human p i l o t  it i s  unacceptably complicated. The t radeoffs  between 
l a t e r a l  o f f s e t  and drift rate could never be Rade very accurately.  There- 
fore,  a simpler window must be generated for a human decision maker. Per 
the discussion of the longi tudinal  window, the  window must be rectangular.  
This w i l l  necessa r i ly  r e su l t  i n  a smaller window, and w i l l  therefore  
generate more missed approaches. To select  the rectangle  that  gives  the 
fewest missed approaches requires a knowledge of the  d is t r ibu t ions  of 
yloo and jrloo. Such considerations are presented in Section IV. 
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Figure 22. Modified Lateral Decision Height Window For A _+8 kt/100 f t  
Crosswind Shear, And A Constraint Requiring A Minimum  Time 
O f  4.5 sec To Reach  The  Runway  Edge After Touchdown 
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Figure 23. Acceptable Lateral Decision Height Region 
Because so many d i f fe ren t  wind conditions, and 20 and "hard" limits, 
have been considered i n  t h i s  s e c t i o n ,  a la rge  number of figures depicting 
acceptable window limits have resul ted.  This might lead t o  sane confhsion 
in  the  reader ' s  mind. If not, so much the '  be t te r .  But j u s t  t o  m a k e  sure, 
the  f ina l  vers ion  of the longitudinal acceptable decision height region is 
repeated here as Fig. 24 for easy reference. Thus, Figs. 24 and 23 repre- 
sent the acceptable longitudinal and la teral  decis ion height  regions ( for  - 
h,oo = 0). 
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Figure 24. Acceptable Longitudinal Decision Height Region (for 6, oo = 0 )  
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SECTION N 
ANALYSIS OF DECISION  HEIGHT  SITUATION, 
INCLLDINCI RESULTS FRaM APPROACH DISPEXSION CALCULATIONS 
In Section 111 the  maximum limits for the  longi tudinal  and l a t e r a l  
decision height windows were computed and p lo t ted  (see Figs. 24 and 23) .  
If an electronic decision height monitor i s  used, then these figures rep- 
resent the decision height window (with the modification that xloo would 
again be included, via Eq. 7) .  However, i f  a human pilot  monitor i s  used, 
then one  more s t ep  i s  required. This i s  because it i s  impractical  t o  
expect any tradeoff calculations among window parameters t o  be made by a 
human pilot monitor. Thus the longi tudinal  and la te ra l  reg ions  would 
have t o  be made rectangular (requiring only a "less-than" or "greater-  
than" decision by t h e  p i l o t  for each individual  var iable) .  The resu l t ing  
rectangular window i s  obtained by fi t t ing the "best" rectangle into each 
of the acceptable longidudinal and l a t e ra l  r eg ions .  The question arises 
as t o  how t o  determine the "best" rectangles t o  use. This i s  simple t o  
answer. The rectangles should be se l ec t ed  to  g ive  the  l ea s t  number of 
missed  approaches.  This i s  accomplished by select ing the rectangle  
boundaries t o  "match" the  approach dispersions.  That is, the  s ides  of 
the rectangle are made t o  be p ropor t iona l  t o  the  rms approach dispersions.  
Then the  la rges t  rec tangle  wi th  tha t  "shape" i s  f i t  into the acceptable 
region. This defines the decision height window for  the  human p i l o t  
monitor case. Longitudinal and l a t e r a l  examples of t h i s  procedure are 
presented to demonstrate the steps required. 
-
Before g e t t i n g  t o  t h e s e  examples, it should be emphasized again t h a t  
the windows we have  been referr ing  to   are   actual   geometr ical  windaws 
i n  space, but a  windows in  "s ta te  space,"  which have the dimensions of  
[d, oo , uloo , hlO0] and [ylo0, 91001, respectively,  for the   longi tudinal  
and l a t e r a l  s i t u a t i o n s .  
7 
Using the techniques (and sane of the results) fran R e f .  8 l e a d s  t o  
the following rms values  a t  the decis ion height  for  a gust environment 
with a, = 4 f t / s e c  and aUg = uvg h 10 f t / sec .  g 
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U : 2 k t  u100 - 
U y100 A 20 f t  
U'  y100 - z. 3.5 f t / s ec  
Using these numbers, Figs. 25 and 26 show the  20 deviations for each vari-  
able  superimposed on the acceptable regions (from Figs.  24 and 2 3 ) .  From 
these f igures  it i s  a simple matter t o  s c a l e  up (or down) the  20 rectangles 
t o  j u s t  fit within the boundaries of the acceptable regions. The resu l t ing  
"best" rectangular windows are  shown in  F igs .  27 and 28. In Fig. 28 it i s  
seen that  two corners of the rectangle  axe allowed t o  exceed the acceptable 
region by a s m a l l  amount so tha t  the  o ther  two corners can reach the limit 
of the acceptable region. This i s  considered acceptable because the cor- 
ners correspond t o   y l o o  and 9,00 simultaneously reaching their  l imiting 
values ( a  very unl ikely s i tuat ion) ,  and the  boundary exceeded i s  the  +27 f t  
l imi t ,  which i s  only a 20 constraint (and not a hard l i m i t ) .  Also included 
i n  t h e s e  figures f o r  comparison purposes are  the current  ILS Category I1 
window boundaries. 
Several  conclusions  are  obvious frm these f igures .  (Note t h a t  some 
of the conclusions are based on the  assumed gus t  leve l .  ) F i r s t ,  20 longi- 
tud ina l  d i spers ions  a re  en t i re ly  wi th in  the  human-monitor rectangular 
window. This means that  with the assumed gust l eve l  l e s s  t han  5 percent 
of  t h e  approaches will r e s u l t  i n  missed approaches (due t o  l o n g i t u d i n a l  
dispers ions) .  Second, the longi tudinal  rectangular  window is  very easy 
for  the  p i lo t  to  moni tor .  The  window limits correspond very closely t o  
1 dot (half-scale) of glide slope deviation and 5 k t  of airspeed deviation. 
Third, the longi tudinal  rectangular  window i s  e s s e n t i a l l y  i d e n t i c a l  t o  t h e  
current Category I1 longi tudinal  window. This i s  undoubtedly a complete 
coincidence. Fourth, although the acceptable longitudinal region i s  con- 
s iderably larger  than the rectangular  window, the  f ac t  t ha t  it w d d  take 
more than a 2.4~ longi tudina l  d i spers ion  to  exceed the rectangular  window 
means that only about 1.5 percent of t he  approaches wil r e s u l t  i n  missed 
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approaches due t o  using the longi tudinal  rectangular  window rather  than 
the  en t i re  acceptab le  longi tudina l  reg ion .  F i f th ,  the  la te ra l  rec tangular  
window i s  barely larger  than a l u  l a t e ra l  d i spe r s ion .  Thus a s ign i f icant  
number of missed approaches w o u l d  be expected (due t o   l a t e r a l   d i s p e r s i o n s ) .  
Sixth,  the acceptable  la teral  rectangular  winduw i s  ve ry  d i f f i cu l t  fo r  t he  
p i l o t  t o  judge by reference t o  h i s  instruments. That is, the  maximum accept- 
ab le  la te ra l  devia t ion  of +27 f t  corresponds t o  about l /7 of a dot on  a stan- 
dard (2 dot  ful l -scale)  local izer ,  and t o  about 1/4 of a dot on an expanded 
loca l i ze r  s ca l e  ( l / 7  of a dot i s  of the order of one needle width deflec- 
t i on ) .  The  maximum acceptab le  la te ra l  devia t ion  ra te  of 4.3 f t / s e c  i s  prob- 
ably impossible t o  judge with current instruments. The bes t  the  human p i l o t  
can do i s  t o  consider the acceptable decision height window t o   r e q u i r e  
l a t e r a l  drift r a t e ,  and then allow himself a 4.5 f t /sec indifference 
threshold.  Seventh,  using the entire acceptable lateral  region would 
significantly reduce the number of missed approaches. Eighth, the current 
Category I1 l a t e r a l  window i s  considerably larger than the acceptable 
l a t e ra l  r eg ion .  Thus, being within the current  la teral  window does  not 
ensure a safe  touchdown f o r  t h e  example airplane plus  control ler .  
In  add i t ion  to  the  above considerations deriving from acceptable touch- 
down limits, the acceptable guidance equipment tolerances are also of i n t e re s t .  
In  pa r t i cu la r ,  t he  l a t e ra l  guidance tolerances appear t o  be a key source of 
f l ight  (and touchdown) dispersions.  According t o  Ref. 2, the  allowable 
loca l i ze r  beam alignment error, beam bends (about the nominal alighment), 
and receiver centering error can produce a considerable  la teral  touchdown 
e r ro r  (even without any f l i g h t  e r r o r s  due t o  g u s t s ) .  The 20 e r ro r  limits 
fo r  each of these i tems in the touchdown region correspond t o  10 f t ,  1 1  f t ,  
and 1 1  f t ,  respectively. This would give an RSS (root  of the  sum of the  
squares) value of 18.3 ft and a worst case error of 32  f t  l a t e r a l  o f f s e t  
a t  touchdown.  Because the  FAA's corresponding 20 l a t e r a l  t o u c h d m  limit 
i s  only 27 f t ,  these equipment errors leave only about 20 f t  for allowable 
l a t e r a l  f l i g h t  e r r o r s  on  a 2u basis (27 A 1/102 + 1 1  + 1 l 2  + 202). The whole 
point  of these comments i s  t o  note  that  equipment tolerances may be s ign i f i -  
cant i n  determining practical window limits. However, i n  t he  p re sen t  window 
analyses, equipment tolerances have not been included. 
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SECTION V 
SUMMARY AM) c0NcLus10Im 
In Sections 111 and I V  two kinds of decision height windows were 
developed, one f o r  an electronic monitor and one fo r  a human monitor. 
The  window for the electronic monitor comprised the ent i re  acceptable  
decision height region, while the window for the  human monitor was  made 
rec tangular  ( in  the  longi tudina l  and l a t e ra l  s t a t e  spaces )  t o  enab le  the  
p i l o t   t o  determine whether he i s  within the window without having t o  make 
t radeoff  calculat ions among the  window variables .  For the  example  system, 
using the rectangular longitudinal window does not appreciabiy increase 
the  probabi l i ty  of a missed approach. However, f o r  t h e  l a t e r a l  s i t u a t i o n  
the  r e su l t s  were not so rosy. Using the  l a t e ra l  r ec t angu la r  window w i l l  
l e a d   t o  a s ign i f icant  increase  in  the  number of missed approaches (com- 
pared t o  using the entire acceptable region).  
It i s  noted that  there  are  several  ra ther  ser ious drawbacks t o   t h e  
current practice of human monitoring of decision height conditions. 
It i s  d i f f i c u l t  t o  a c c u r a t e l y  judge  fractions  of  dots 
on the gl ide s lope and local izer  displays.  
0 The p i l o t  must simultaneously  evaluate  at   least   dIo0, 
u1 00, ~ 1 0 0 ,  and 00 (and compare each  with  predetermined 
maximum and minimum values), while a lso looking for the 
approach l i g h t s  or monitoring other instruments i n   t h e  
cockpit .  
Due t o  using a rectangular decision height window there  
wil be unnecessary missed approaches when the   a i rp lane  
i s  outs ide the rectangular  window, but s t i l l  within the 
ac cept  able  region. 
The f i rs t  two drawbacks could be a l lev ia ted  by using an electronic 
decision height computer t o  monitor the rectangle boundaries. However, 
i f  a computer i s  ava i lab le ,  then  it would be fool i sh  not  to  use  the  en t i re  
acceptable decision height region, thereby minimizing the missed approach 
r a t e .  With such a device the human p i l o t   w d d  s t i l l  make the ul t imate  
decis ion to  cont inue an approach (or go around), but his job would be made 
I 
easier because the electronic computer i s  faster ,  as  wel l  as more accurate 
i n  judging the equivalent of needle widths on a display. 
Based on the  above-mentioned drawbacks and an apparent solution for 
these drawbacks, it i s  concluded t h a t  a decision height ccmputer should 
be used for Category I1 approaches. O f  course, i f  a canputer i s  used, 
then hloo and any other variables of secondary importance would be included 
(rather than ignored or t h e i r  e f f e c t  only approximated). I n  fact ,  with 
a cmputer,  the best s t r a t egy   t o  adopt would & be merely t o  mechanize 
the  inequal i t ies  in  th i s  repor t ,  bu t  would be t o  mechanize the  en t i r e  
airplane-plus-control-system such that fast-time predictions of touchdown 
conditions can be made. This would be done using a continuously updated 
"current"  s ta te  of the airplane as  ini t ia l  condi t ions f o r  each succeeding 
calculation. 
- 
Finally, it must be mentioned that the current Category I1 decision 
height window i s  not well  suited for the example airplane-plus-control- 
system. The longitudinal window i s  wel l  selected,  but  the la teral  window 
i s  larger than the computed maximum acceptable decision height region. 
Thus it is  possible t o  have a "predictable" touchdown incident or  acci-  
dent (based on decision height conditions), and s t i l l  be within the 
current Category I1 l a t e r a l  window limits. 
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DEFmITION aF A SUCCESSFUL TOUCWOWN 
A successful touchdown i s  defined as one i n  which all pert inent  
variables are within their  respective ranges of acceptable values. If 
one or more variables exceeds i t s  range of acceptable values it does not 
necessa r i ly  r e su l t  i n  an accident because there i s  a "cushion" b u i l t  i n t o  
each of these ranges. A touchdown outside the acceptable range but within 
the cushion region would  be called "marginal," rather than successful. A 
l i s t  of the per t inent  var iables  a t  touchdown and t h e i r  corresponding ranges 
of acceptable values i s  given i n  Table A-1 . 
Because the limits for the acceptable range for each var iable  do not 
represent the borderlines for an accident, the limits given i n  Table A-1 
are obviously somewhat a rb i t ra ry .  They were obtained as a consensus of 
FAA and industry judgment (e.g., Refs. 2, 3, 4, 5 ,  and 6 ) ,  with FAA limits 
taking precedence when they were available.  For easy reference, some per- 
t inent excerpts from Ref. 2 are presented here. 
"b. Aircraft  Touchdown L i m i t s .  
( 1  ) Lateral Dispersion. 
The a i rc raf t  cen ter l ine  (a t  main landing gear) should be 
within 27 fee t  of the  center  l ine  of the runway on a two- 
sigma basis.  
( 2 )  Longitudinal  Dispersion. 
The dispersion of the main gear touchdm point should not 
exceed 1500 f e e t   t o t a l  about a nominal point on a two-sigma 
basis.  This  ncminal touchdown point and the performance 
limits should be established on the basis  of the desired 
airplane/system characteristics, such that the airplane 
wil touchdown 300 f e e t  or more beyond the threshold and 
the  p i lo t  w i l l  be i n  a pos i t ion  to  see  a t  l e a s t  four bars 
(on 1 0 0 '  centers)  of the 3,000 foot touchdown zone l i g h t s  
a t  touchdown. 
(3) The dispersion limits of ( 1 )  and ( 2 )  above should consider 
environmental conditions as follows: 
( a )  Headwinds up t o  25 knots; tailwinds up t o  10 knots; 
crosswhds up t o  15 knots; moderate turbulence, wind 
shear of 8 knots/lOO f e e t  fran 200 f e e t   t o  touchdown. 
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(4)  Confirmation of canpliance t o  t h e  above limits may be 
f 1 demonstrated by a cmbinat ion  of :  . .  
(a)  Cmputer  analysis  considering  reasonable  canbinations , 
of wind conditions noted above. 
( 5 )  The cmputer analysis should show that under the most adverse 
p r a c t i c a l  combination of the environmental conditions des- 
c r ibed  in  b .b . (3) ,  the  a i rc raf t  w i l l  land w i t h  the outboard 
landing gear no c loser  than  f ive  fee t  from t h e   l a t e r a l  limits 
of a 150 f t  . runway. " 
TABLE A-1 
RANGES OF ACCEPTABLE  VALUES OF AIRPLANE VARIABLES AT  OUCHDOWN 
MINIMUM 
KCEFTABLI 
V&UE 
". 
800 ft 
REASON FOR 
LIMITING VALUES 
To insure a touch- 
down on the  runwa3 
and within  the 
l ighted touchdown 
zone 
Too "hard" a 
touchdown w i l l  
damage the landin€ 
gear 
To keep from 
landing on the 
nose wheel or 
h i t t i n g   t h e   t a i l  
on the runway 
A lower limit i s  
required to avoid 
s t a l l i ng  or losin6 
control of the   a i r -  
plane. An upper 
limit i s  required 
t o  avoid overrun- 
ning the runway 
a f t e r  touchdown 
An upper limit i s  
required t o  avoid 
losing maneuver 
capabili ty 
~ _ _  
To insure a touch- 
down and rol lout  
without running 
off the side of 
the runway 
To avoid running 
off the side of 
the runway a f t e r  
touchdown 
To avoid excess 
side loads on the 
landing gear 
-__ 
- 
To avoid having a 
wing t i p  or engine 
pod h i t  the  runwa) 
VARIABLE COMMENTS 
~ _ _  ~ ~~ 
XTD 
Longitudinal 
position from 
runway threshold 
The FAA requires a 
2a to ta l   d i spers ion  
of less than l 5 O O f t  
about some nominal 
point 
'-Am 
Sink r a t e  
5 f t / sec  i s  con- 
sidered t o  be a 
l imiting value for 
passenger comfort 
0 
Pitch at t i tude at  
touchdown was 
always well within 
the acceptable 
range of values 
125 k t  and 145 k t  
correspond t o  uVom 
210 kt ,  which glves 
l . l u s t a  and 
1 - 3 ~ s t a ~  
Q T D  
Pitch  at  i tud& 0 
l-lTD 
Airspeed 125 k t  
0.83 CL, corre- 
sponds t o  l.lustall 
i n  Ig f l igh t ;  and 
cL 
Lif 't  coefficient 
t o  1 .  15usta-JJ 
during 1 . lg   f l igh t  
The FAA requires a 
Pa dispersion of 
27 f t  fran the 
runway centerline 
YTD 
Lateral  position 
on runway 
+El 
Lateral drift 
velocity 
-27 f t  
-8 f t / sec  
27 ft  
8 f t / sec  
8 ft/sec corre- 
sponds t o  about a 
2 deg t rack  error  
~ 
B n ,  
flisalignment 
angle between 
i n e r t i a l  velo- 
c i t y  and h s e -  
lage centerline 
~ ~ 
Passenger comfort 
i s   a l s o  a factor  
"4 deg 4 aeg 
Pro 
Bank angle 
Bank angle a t  touch- 
down  was always 
within the accept- 
able range of values 
61 NASA-Langley, 1972 - 21 
